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WHAT IS CLAIM D IS: 

A plasma processing apparatus comprising a vacuum 
processing chamber, a plasma generating means including a 
pair OvT electrodes, a sample table having a sample 
mounting \urface for mounting a sample to be processed 
inside said\vacuum processing chamber, and a evacuating 
means for evacuating said vacuum processing chamber, which 
further compr i sesN 

a high frequency electric power source for applying a 
high frequency elect Ac/power of a vyHF band from 30 MHz to 



300 MHz between said 
a magnetic fiel 
a static magnetic fjx 
in a direction i 
between said pair 
high frequency ele 
wherein an e 



/aj\r of elect; 



fori 



/ 



les; and 



.ng means for forming any one of 
.eld and\a loi; frequency magjie-tic^ field 
m el"ect"TTc field generated 
5des\ and the vicinity by said 
source ; 

ectj?<5n cyclotron Vesonance region being 
formed between said pair of electrodes by said magnetic 
field and said electric field. 



er sect ing 
of electro 



trie power 



2. A plasma processing apparatus comprising a vacuum 
processing chamber, a plasma ^generating means\ including a 
pair of electrodes, a sample table for mounting a sample 
to be processed inside said vacuum processing chamber and 
also serving as one of said electrodes, and a evacuating 
means for evacuating said vacuum processing chamber, w^hich 
further comprises : 
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^a high frequency electric power source ( for applying 
an ( electric power of a VHF band from 50 MHz to' 200 MHz 
between said pair of electrodes; and * 

a magnetic field forming means for forming any one of 
a static magnetic field and a low frequency magnetic" field 
not weaker thato 17 gausses and not stronger than "72 
gausses in a direction intersecting an electric field 
generated between s\id pair of electrodes and the vicinity 
by said high f requenA ele^tri^power source; 

wherein said mag&tic field\ forming means being set 
so that a portion where a\ component jof said magnetic field 
in a direction alpnq theXsurfaofe 7 of said sample table 
becomes maximum is/ brought a/Tposition in the opposite 

side of said sample table fromXthe middle of said pair of 



electrodes; 

an electron 



cyclotron resonance region being formed 
between said pair \q>f ^ectrodes by s^aid magnetic field and 
said electric field. 

3. A plasma processing apparatus according to any one of 
claim 1 and claim 2, wherein 

intensity of the magnetic field fcVmed by said 
magnetic field forming means is set so that a\component of 
the magnetic field parallel to the surface of \said sample 
table is not stronger than 30 gausses on the Surface of 
said sample table. 
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A plasma processing apparatus comprising a vacuum 
progressing chamber, a plasma generating means including a 
pair \of electrodes, and a sample table for mounting *a 
sample Vto be processed inside said vacuum processing 
chamber and also serving as -one of said electrodes, Which 
further comWiSes: 

a evacuating means for evacuating said vacuum 
processing chaiaber to 0 . 4 Pa to 4 Pa; 



a high frequency electric power source for applying 
an electric power \of a /VHF band frqm 30 MHz to 300 MHz 
between said pair of \eLec t rodes ; and. 

a magnetic field /Vorming means Mor forming any one of 



a static magnetic field \and a low/frequency mac 



i c field 



not weaker than 10 gausses 



id- Vnot sponger than 110 



gausses in a dire/ction i\t/rsecting an electric field 
between said pair of electro/^as and in the vicinity; 

said electrode^ beii>4 composed of a first electrode 
connected to said higTT f reguency\electric power source and 
a second electrode also serving\ as said sample table 
connected to a bias electric power Source for controlling 
ion energy, a distance between said\ pair of electrodes 
being 30 to 100 mm; 

an electron cyclotron resonance region being formed 
at a position within a range from the surface of said 
first electrode to the side of said first \lectrode from 
the middle of said pair of electrodes by interaction of 
said magnetic field and an electric field produced by said 



\ 
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ftvigh frequency electric power source. 

5. \ plasma processing apparatus according to any one of 
claims 1\, 2 and 4, wherein 

densrty and/or direction of said magnetic field 
formed by sVid magnetic field forming means are adjusted 
so that saicK cyclotron resonance effect of electrons 
becomes larger \in a portion within a range from the 
periphery of sai\i sample to the outer side of the 
periphery than in tl^e cenlzer of\said sample, thereby the 

liform in positions 
corresponding to alA fr^yer the ^surface of said sample 
mounting surface. 



plasma density beiNj 



made 




6. A plasma processing appaSfa\:us accopdiTng to claim 4, 
wherein 

said magnetic field/ forming\ means comprises a core 
which continuously changes distarrce of said cyclotron 
resonance region \ to s^aid sample by eccentrically rotating 
to the center of said sample surface to change said 
magnetic field. 



7. A plasma processing apparatus comprising a vacuum 
processing chamber, a plasma generating means \ncluding a 
pair of electrodes, a sample table having ^ sample 
mounting surface for mounting a sample to be progressed 
inside said vacuum processing chamber, and a evacuavting 
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means for evacuating said vacuum processing chamber, which 
fu\ther comprises: 

v a high frequency electric power source for applying 



an electric power of a VHF band from 30 MHz to 300 MHz 
between \said pair of electrodes and between a first 
electrode Vind a wall portion of said processing chamber, 
said electrodes . being composed of said first electrode 
connected to \aid high frequency electric power source and 
a second electrode also serving as said sample table and 

of^ said 



the wall portio 
arranged in 
electrode; 

a magnetite field \forming 
static magnetcLc fields a N 
not weaker qhan 10 gauss 
gausses in sudsh a manner/ as 
the central poisticm'' of sai 
superpose each otf 
of said processing 

an electron 
at a position within a range from 
of said sample mounting surface 
outer side by interaction of said 
electric field 
power source. 



unded processing chamber 
side of said first 




8. A plasma processing apparatus according to\claim 7, 



86 

<h e r e i n 

said magnetic field forming means comprises a 
plurality of coils arranged around said processing chamber 
in sud\ a manner as to cancel each other out near the 
central portion of said sample and superpose each other in 
the periphery and the outer side of said sample. 



9. A plasma processing apparatus according to claim 4, 
wherein 

said bias eleWic power sburce for controlling ion 
energy applies a pvO^e bias having a period of 0.2 to 5 /lm 
and a duty at po/s i t i vek di r ec t ioM pulse portion not larger 
than 0.4 to said sample \hroughla capacitor element. 



(processing ax 



10. A plasma 
claims 1, 2 an|d 4, whic 
an electiNpstat; 



attract 



aratus according to any one of 
comprises : 
g means for holding said 



further 



by an electrostatic 



sample onto said sample ta) 
attracting force; \ 

a pulse bias applying means connected to said sample 
table and for applying a pulse bias ^ltage to said sample 
table; and 

a voltage suppressing means for suppressing a voltage, 
rising generated by applying said pul\e bias voltage 
corresponding to an electrostatic attracting capacity of 
said electrostatic attracting means 



V 
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l\. A plasma processing apparatus according to claim 10, 
wherein 

\said voltage suppressing means is designed so that 
vol tagev change due to an electrostatic attracting film of 
said electrostatic attracting means during one cycle of 
pulse is suppressed to one-half of said pulse bias voltage. 



\ 

processing appa^tus comprising 



12. A method cSf plaj^rr^-profevessing a sample using a plasma 

a vacuum processing 
chamber, a plasma \ gener at inglf means including a pair of 
electrodes, ft sample^ table for mounting a/sample to be 
processed i/iside said VfAcuum processing-^" chamber and also 
serving as j one ot said/ e^e^trode^^and a evacuating means 
for evacuafting said Vacuun\ processing chamber, the method 
compri sing| 

evacuating ^inside said v\cuum processing chamber by 
said evacuating means; 

forming any one of a static nfegnetic field and a low 
frequency magnetic field not weaken than 10 gausses and 
not stronger than 110 gausses in a direction intersecting 
an electric field between said pair o\ electrodes by a 
magnetic field forming means; 

forming an electron cyclotron resonance region 
between said both electrodes by interaction of said 
magnetic field and an electric field generateoV by a high 
frequency electric power source by applying an\ electric 
power of a VHF band from 30 MHz to 300 MHz between said 



\ 
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p\dr of electrodes using said high frequency electric 
power source; and ; ■ ■ 

processing said sample by a plasma produced by said 
cyclotron resonance of electrons. 

13. A method of plasma-processing a sample using a plasma 
processing ^apparatus comprising a vacuum processing 
chamber, a simple table for mounting the sample to be 
processed insi\e saj^^cuum processing chamber, and a 

uding a pair of electrodes, 

omposed of a first electrode 
ency electric power source and 
serving as said samfple table 
power sourpe" for controlling 
pair of electrodes 




~err 



;aid 



fomprising the\steps of 
evacuating said vacuum processing chamber to 0.4 Pa 
to 4 Pa by a evacuating means; 

forming any one of a static irtagnetic field and a low 
frequency magnetic field not weakeX than 10 gausses and 
not stronger than 110 gausses in a direction intersecting 
an electric field between said pair (\f electrodes by a 
magnetic field forming means; 

forming an electron cyclotron resonance region 
between said both electrodes by interaction of said 
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m^rg^etic field and an electric field generated by a high 
f requency^ir^Qtric powe.r^lsb^rce by applying an electric 
power of a VHF band^^om 3<M Mil z to 300 MHz between said 
pair of electrodes/ using/^s^id high frequency electric 
power source; and 

processing saarrK^sample by a plasina^Rroduced by said 
cyclotron resonance of electrons. 



14. A plasVia processing apparatus comprising a vacuum 
processing chWber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a 
plasma generating means including a high frequency 
electric power souYce, which further comprises: 

an electrostatic attracting means for holding said 
sample onto said \sample table by an electrostatic 
attracting force; and 

a pulse bias applying means for applying a pulse bias 
voltage to said sample; 

said high frequency e\ectric power source applying a 
high frequency voltage of MHz to 500 MHz, said vacuum 

processing chamber being depressur i zed to 0.5 to 4.0 Pa 



15. A plasma processing apparatus^ comprising : 

a pair of electrodes^ opposite\ to each other, one of 

the electrodes mounts a sample; 

a gas introducing means for introducing an etching 

gas into an environment in which said sample is placed; 



X 



90 

an evacuating means for evacuating and depessurising 
said environment to a pressure condition of 0.5 Pa to 4.0 
Pa; 

a high frequency electric power source for applying a 
high frequency vdltage of 10 MHz to 500 MHz to said pair 
of opposite electrodes; 

A a plasma generating means for forming said etching 
gas into a plasma under said pressure condition; and a 
pulse_ bias applying \ means for applying a pulse bias 
voltage to said one of\ the electrodes during etching said 
sample ; 

thus an insulator f\ln\ in said sample being plasma- 
processed . 



16. A plasma processing apparatus comprising a vacuum 
processing chamber, a sample\table for mounting a sample 
to be processed in said vacuum processing chamber, and a 
plasma generating means including a high frequency 
electric power source, which further comprises: 

an electrosta flc— attracting \ means for holding said 
sample onto said sample table\ by an electrostatic 
attracting force; 



a pulse _bi„a.s_ applying means connect 




-said sample 



table and for applying a pulse bias voltage to said 
sample; and \ 

a voltage suppressing means for suppressing a voltage 
rising generated by applying said pulse bias voltage 
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corresponding to an electrostatic attracting capacity of 
said electrostatic attracting means;. 

said vbltage suppressing means being designed so that 
voltage change due to an electrostatic attracting film of 
said electrostat &c attracting means during one cycle of 
pulse is suppressed to one-half of said pulse bias voltage. 

17. A plasma processing apparatus comprising: 

a pair of electrodes opposite to each other having a 
gap betweeiA the electrodes of 10 mm to 50 mm;_ 

an electrostatic attracting means for holding a 
sample onto o\e of said electrodes by a electrostatic 
attracting force ,\ 

a gas introducing means for introducing an etching 
gas into an environment holding said sample; 

an evacuating me^ns for evacuating and deperssurizing 
said environment to a pressure condition of 0.5 Pa to 4.0 

Pa; \ 

a plasma generating mVans for forming said etching 
gas into a plasma under saidVessurd condition by a high 
freguency electric power of 10 M^z to 5v00Ml^z ; and 

a puls_e_bia.s applying means f>s^r applying a pulse bias 
voltage to said one of electrode mounting said sample; 

thus an insulator film in said sWiple being plasma- 
processed. \ 



18. A plasma processing apparatus according tro any one of 



i 
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claims/ ^ and __l_7\which further comprises: 

a voltage suppressing means for suppressing a voltage 
rising generated b\ applying said pulse bias voltage 
corresponding to an electrostatic attracting capacity of 
said electrostatic attracting means; 

said voltage suppressing rpans setting a period of 
said pulse bias voltage soVhatV^cffta^e change due to an 
electrostatic attracting fVu«i of said electrostatic 
attracting means during one cy\le of pulse is suppressed 
to one-half of said pulse bias voltage. 



19^ A method of plasma-processing comprising the steps 
of: 

placing a sample on one of ■ electrodes provided in a 
vacuum processing chamber; 

holding\said sample onto said electrode by an 
electrostatic atKractJjng^ force; 

introducing Aoroces^ing gas into an environment in 
which said sample is pvbaced/? \l 

evacuating' and \ e\cJ/a ting said envij:.onment to a 
pressure condition for prr/c^^±ng-s^id sampler- 
forming laid processing \as into a plasma under said 
pressure condition; 

processing said sample by said\plasma; and 
applying a pulse bias voltage to\aid sample. 



20. A method of plasma processing comprising the steps 
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£0 



10 



15 



placing a sample on- one of a pair of electrodes 
opposite to each other having a gap of 10 nun to 50 mm; 

hording said placed sample onto said electrode by an 
electrostatic attracting force; 

introcl\cing ' a processing gas into an environment in 
which said sar\ple is placed; 

evacuatmgX said environment to a pressure condition 
oi 0.5 Pa to 4.0 \a; 

forming said processing ga\ into a plasma under said 
pressure condition/try applying aV high frequency electric 
power of 10 MHz t6 50 0 \A\lz; 



etching sai/d sample\by s 



id plasma; and 



applying /a pulse bsj.a$ voltage to said one of 

electrodes during etching; 

thereby, an insuleytor vLlm in said sample being 
plasma -processed 



21. A method of plasma processing, comprising the steps 
20 of : 

placing a sample on one of electrodes provided in a 
vacuum processing chamber; 

holding said sample onto said eJtectrode by an. 
electrostatic attracting force; 
25 introducing an etching gas into an environment in 

which said sample is placed; 

evacuating and evacuating said environment to a 



in 



10 
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)ressnre condition for processing said sample; 

forming 'said etching gas into a plasma under said 
pres\ure condi t ion ; 

etching said sample by said plasma; and 
applying a pulse bias voltage to said sample; 
suppressing voltage change due to an electrostatic 
attracting fi\m of said electrostatic attracting means 
during one cycles, of pulse to one-half of said pulse bias 
voltage during appPvi^J said pulse bias voltage. 



22. A method of 
of: 



plasmas processing comprising the steps 



ample 



e- of electrodes opposite to 
placed sample^\onto said electrode by an 



placing a 
each other; 
]5 holding said 

electrostatic attracting force; 

introducing an etching gas if\to an environment in 
which said sample is placed; 

forming said etching gas into a plasma; 
20 etching said sample by said plasma; emd 

applying a pulse bias voltage having a\pulse width of 
250 V to 1000 V and a duty ratio of 0.05 tdy0.4 to said 
one of electrodes during etching; 

thereby an insulator film in said sample being 
25 plasma -processed 



23. A plasma processing apparatus comprising a vacuum 
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processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a 
plasma generating means, which further comprises: 

an electros ta tic attracting means for holding said 
sample onto \ said sample table by an electrostatic 
attracting forces; 

a bias apply\ng means for applying a bias voltage to 
said sample; \ 

a radical supplying means having a means decomposing 
a gas for generating radicals in advance and for supplying 
a required amount on the radicals to said vacuum 
processing chamber; \ 

a means for supplying^ a gas for generating ions to 
said vacuum processing chamber; and 

a plasma generating means for generating a plasma in 
said vacuum processing chamber;\ 

wherein Si0 2 being used as ^said sample. 

24. A plasma processing apparatus comprising a vacuum 
processing chamber, a sample table rsor mounting a s-ample 
to be processed in said vacuum processing cTrarnber, and a 
plasma generating means, which further comprises: 

an electrostatic attracting means W holding said 
sample onto said sample table by an\ electrostatic 
attracting force; \ 

a pulse bias applying means for applying \ pulse bias 
voltage to said sample; \ 
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a radical generating plasma supplying means for 
forming a gas f\r generating radicals into a plasma _in 
advance and for Vupplying a required amount of the 



radicals to said vacuum processing chamber; and 

said plasma generating means for supplying a gas for 
generating ions to said Vacuum processing chamber and for 
generating a plasma in saidYvacuum processing chamber; 
wherein Si0 2 being used axS said sample 



25. A plasma processing apparatus comprising a vacuum 
processing chamber, a sample tabJSe for mounting a sample 
to be processed in said vacuum processing chamber, and a 
plasma generating means including a high frequency 
electric power source, which further ccVrtprises 

an electrostatic attracting means\ for holding said 
sample onto said sample table by Vn electrostatic 
attracting force; 

a pulse bias applying means for applying a pujlse bias 
voltage to said sample; 

a radical generating plasma supplying \ means for 
forming a gas for generating radicals into a \plasma in 
advance and for supplying a required amount\ of the 
radicals to said vacuum processing chamber; and 

said plasma generating means for supplying a g\as for 
generating ions to said vacuum processing chamber andv for 
generating a plasma in said vacuum processing chamber; 

wherein said high frequency electric power source 
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applying ?K high frequency voltage of 10 MHz to 500 MH z , 

said vacuum Vrocessing chamber being depressur i zed to 0.5 

\ * 

to 4 . 0 Pa . \ 

26. A plasma processing apparatus comprising a vacuum 
processing chambeA a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a 
plasma generating means\ which further comprises: 

an electrostatic attracting means for holding said 
sample onto said sampled table by an electrostatic 
attracting force; \ 

a radical generating pl\sma supplying means for 
forming a gas for generating radicals into a plasma in 
advance and for supplying a required amount of the 
radicals to said vacuum processing chamber; 

said plasma generating means for supplying a gas for 
generating ions to said vacuum processes 
generating a plasma; 

a pulse bias applying means connected t o\ s a i d^-s-a^rrfSl e 
table and for applying a pulse bias voltage to kaid sample 
table; and \ 

a voltage suppressing means for suppressing awoltage 
rising generated by applying said pulse bias voltage 
corresponding to an electrostatic attracting -capacity of 
said electrostatic attracting means. \ 




27. A plasma processing apparatus comprising a vacuum> 



98 




Hi 



15 



20 



processing chamber, a sample table for mounting a sample 
to be progressed in said vacuum processing chamber, and a 
plasma generating means, which further comprises: 

an electrostatic attracting means including an 
electrostatic \ attracting film provided in said sample 
table and for Holding said sample onto said sample table 
by an electrostatic attracting force; 

a radical generating plasma supplying means for 
forming a gas for generating radicals into a plasma in 
advance and for supplying a required amount of the 
radicals to said vacuum processing chamber; 

said plasma generating means for supplying a gas for 
generating ions to said yacuum processing chamber and 
generating a plasma; 

a pulse bias applying means connected to said sample 
table and for applying a pulse \ias voltag^ to said sample 
table; and 

a voltage suppressing means fc\r suppress inj^a voltage 
generated between the both ends \f said electrostatic 
attracting film as said pulse bias voltage is applied; 

wherein said voltage suppressing rn^ans suppressing a 
voltage of the electrostatic attracting film of said 
electrostatic attracting means to a voltage not higher 
than one-half of said pulse bias voltage. 



25 



2 8. A metho3\-eH& 



of: 



comprising the steps 
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\placing a sample - on one of a pair of electrodes 
opposite . to each other; 

holding said placed sample onto said electrode by an 
electrostat\f attracting force; 

forming \ gas for generating radicals into a plasma 
in advance and Vupplying a" required amount of the radicals 
into an environment in which said sample is placed and 
held; 

supplying a ga^ /for generating ions to said 
environment; , 

evacuating and y 
pressure condi t ion 

forming said Supplied g 
plasma under said pr- ur< c^on 
frequency electric \power i6f 10 



evaouati] 



>f 0.5 Pa\t/ 



g/ said environment to a 
4.0 Pa; 

for generating ions into a 
tltion by applying a high 
Hz to 500 MHz to said 



opposi te electrodes ; 

etching said sample by said plasmV* and 

applying a pulse bias voltage \to said one of 
electrodes during etching; 

wherein Si0 2 being used as said sample' 



29. A method of plasma-processing comprising^ the steps 
of: 

placing a sample on one of electrodes provided in a 
vacuum processing chamber; 

holding said sample onto said electrode by \an 
electrostatic attracting force; 



\ 
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forming a gas for generating radicals into a plasma 
in adVance and supplying a required amount of the radicals 
into an\ environment in which said sample is placed and 
held; \ 

supplying a gas for generating ions to said 
environment; \ 

forming s\id supplied gas for generating ions into a 
plasma under sa\d pras^ureNcondition by applying a high 
frequency electric/power of 30, MHz to 100 MHz to said 
opposite electrodes ;\ /] i 

processing said sample/ tiy said plasma; and 

applying a pulse baN^s ta< 3 e ^to^ald sample; 

wherein SiOU being us^eU as S£<Ld sample. 

30. A method of plasmaAprocVssing comprising the steps 

of: \ / \ 

placing a sampl-e^ on one of \lectrodes provided in a 
vacuum processing chamber; \ 

holding said sample onto saiol electrode by an 
electrostatic attracting force; \ 

forming a gas for generating radicaiSs into a plasma 
in advance and supplying a required amount oSf the radicals 
into an environment in which said sample is\ placed and 
held; \ 

supplying a gas for generating ions t>o said 
environment; \ 

evacuating and evacuating said environment tc A\ a 

\ 
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f^essure of processing said sample; 

\^ forming said supplied gas for generating ions into a 
plasm\^under said pressure condition; 

processing said sample by said plasma; and 
applying a pulse bias voltage to said sample; 
whereinV a voltage of said electrostatic attracting 
■means being set to a voltage not higher than one-half of 
said pulse bias voltage 



31 . A method of /p~. 
of : 

placing a /sample 
each other prov/ided in a vl 
holding feaid sample 




slsing comprising .the steps 



of^el,ectrodes opposite to 
m processing chamber; 
onto v said electrode by an 



electrostatic attracting/ force;^ 

forming a^gas^dr generating radicals into a plasma 
in advance and supplying a required amount of the radicals 
into an environment in which said\sample is placed and 
held; 

supplying a gas for generating ions to said 
environment ; 

evacuating and depressurerizing said environment to a 
pressure of 0.5 Pa to 4.0 Pa; 

forming said supplied gas for generating iotas into a 
plasma under said pressure condition by applying \^ high 
frequency electric power of 30 MHz to 100 MHz to \said 
opposi te electrodes; 



